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We analyse reent results on harged partile pseudo-rapidity densities from RHIC
in the framework of the Dual String Model, in partiular when inluding string fu-
sion. The model, in a simple way, agrees with all the existing data and is onsistent
with the presene of the perolation transition to the Quark-Gluon Plasma already
at the CERN-SPS. It leads to strit saturation of the partile (pseudo-)rapidity den-
sity, normalised to the number of partiipant nuleons, as that number inreases.
Asymptotially, as
√
s → ∞, with the number of partiipants xed, this density
approahes again nuleon-nuleon density. A omparison with reent WA98 data
is presented.
The dependene of measurable quantities like harged partile density,
transverse energy and J/ψ prodution rate on the number N
part
of partii-
pant nuleons in high energy heavy ion ollisions is extremely important both
for a better understanding of the initial onditions in the evolution of newly
reated dense matter and beause it provides the information for disrimi-
nating among dierent models.
1,2,3,4,5,6
In this ontribution we analyse suh
quantities in the framework of the Dual String Model (DSM).
We start by building nuleus-nuleus ollisions as resulting from superpo-
sition of nuleon-nuleon ollisions, in the way it is done in the Glauber model
approah and its generalisations: in the DSM, i.e., the Dual Parton Model
7
with the inlusion of strings,
8
the valene quarks of the nuleon produe par-
tiles, via strings, only one this is the wounded nuleon model ase and
prodution is proportional to the number NA of partiipant nuleons. As the
energy and NA inrease the role of sea quarks and gluons inreases, they in-
terat and produe, again via strings, partiles, and the number of ollisions
ν beomes the relevant parameter. One should notie that multiple inelasti
sattering may our either internally within a given nuleon-nuleon ollision
or externally involving interations with dierent nuleons.
Following Ref. 9, and taking into aount the above basi properties, we
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now write an expression for the partile pseudo-rapidity density,
dN
dy
∣∣∣∣
NANA
= NA [2 + 2(k − 1)α]h+ (νNA −NA)2kαh, (1)
where h is the height of the valene-valene rapidity plateau, α is the relative
weight of the sea-sea (inluding gluons) plateau and k is the average number of
string pairs per ollision. Elementary multi-sattering arguments
9
give ν
NA
=
N
4/3
A . However, as we mentioned above, the diagram orresponding to sea-sea
sattering an be iterated with k ≥ 1 being, in general, a funtion of energy.
The number of nuleon-nuleon ollisions is, of ourse, NA + (νNA − NA) =
ν
NA
, and the number of strings is Ns = NA [2 + 2(k − 1)] + (νNA −NA)2k =
2kν
NA
. The rst term on the right-hand side of Eq. (1) is just a sum over
nuleon-nuleon sattering ontributions (inluding internal parton multiple
sattering) and we an thus write
dN
dy
∣∣∣∣
NANA
=
dN
dy
∣∣∣∣
pp
NA + (νNA −NA)2kαh (2)
If external multiple sattering is absent, by putting ν
NA
= NA, one obtains
the wounded nuleon model limit; if k ≫ 1 we obtain the limit in whih
multiple sattering dominates.
In Fig. 1, together with the PHOBOS data, we have presented the quan-
tity
1
NA
dN
dy
∣∣∣
NANA
as funtion of the .m. energy
√
s for the wounded nuleon
model limitsolid lineand the multiple sattering dominane limitdotted
line. Assuming that h and α are energy independent (onstant plateaus), the
energy dependene of dN/dy|pp, obtained from a parametrisation of exper-
imental data,
6
xes the energy dependene of k. We nd α = 0.05 and
h = 0.75.
In the DSM, strings may interat by fusing
14,15
in the transverse plane
of interation thus modifying the number and the distributions of produed
partiles: in partiular, due to the vetor nature of the olour harge, a luster
of m strings will emit fewer partiles that m separate strings.16
The number of strings oming from nuleon multiple sattering the
seond term in Eq. (1)is NA(N
1/3
A − 1)2k and they oupy the transverse
interation area S
NA
, whih, for entral ollisions, is approximately given
by S
NA
≃ pi
(
1.14N
1/3
A
)2
, suh that the dimensionless transverse density
parameter η is
η =
( rs
1.14
)2
2kN
1/3
A (N
1/3
A − 1), (3)
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Figure 1. Pseudo-rapidity density nor-
malised per partiipant pair as a funtion of
.m. energy. The lines give preditions for
the wounded nuleon model (solid line), the
pure multiollision approah (dotted line),
and the Dual String Model, without fu-
sion Eq. (2) (dash-dotted line) and with
fusion Eq. (4) (dashed line). AA points
are taken from Ref. 2,3,5, pp and pp¯ from
Ref. 10,11,12,13
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Figure 2. Central harged partile rapidity
density per partiipating pair as a funtion
of the number of partiipants. Results of HI-
JING (histograms), EKRT preditions (dot-
dashed lines) and DSM preditions (solid
lines) for entral Au+Au ollisions at
√
s =
56, 130, 200 AGeV. Also shown are results
from pp and pp¯ ollisions and PHOBOS data
(Everything in the gure exept the DSM
urves is taken from Ref. 5.)
where rs ≃ 0.2 fm is the string transverse setion radius. Note that η inreases
with NA and, via k, also with
√
s.
When fusion ours, Eq. (2) beomes
6
1
NA
dN
dy
∣∣∣∣
NANA
=
dN
dy
∣∣∣∣
pp
+ F (η)(N
1/3
A − 1)2kαh, (4)
where F (η) is the partile prodution redution fator,17
F (η) ≃
√
1− e−η
η
. (5)
It an now easily be shown
18
that the DSM with fusion predits satura-
tion of the partile rapidity densities per partiipant pair of nuleons as NA
inreases. This predition is ompared to other models
5,19,20
in gure 2 and
to experimental data from WA98
3
in gure 3.
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Figure 3. (a) Charged partile density per partiipant nuleon versus the number of parti-
ipants; (b) absolute harged partile density versus the number of partiipants. The data
from WA98
3
refer to 158A GeV Pb+Pb ollisions (lled irles), the open irle refers to
pp ollisions21; the solid line results from Eq. (4) with α = 0.11 and h = 0.77.
Furthermore, it is to be noted that the preditions for partile densities
in entral Pb+Pb ollisions of the DSM without fusion and of the DSM with
fusion are very dierent at
√
s = 200 AGeV (RHIC) and at
√
s = 5.5 ATeV
(LHC) as an be seen in the following table:
.m. energy 200 AGeV 5.5 ATeV
without fusion 1500 4400
with fusion 700 1400
Of ourse this model is essentially soft. The parameters of the elementary
ollision densities, h and α, were assumed onstant, all the energy dependene
being attributed to the parameter k, the average number of string pairs per
elementary ollision. If h and α are allowed to grow with energy, as a result,
for instane, of semi-hard eets, the parameter k may then have a slower
inrease than the one obtained here.
Finally, one should onsider the idea that string fusion eventually leads to
a situation of perolation
14,15
with the formation of extended regions of olour
freedom, with the features of the expeted Quark-Gluon Plasma. Indeed
the parameter η at the CERN-SPS has the value η ≈ 1.8, larger than the
ritial density (ηc ≈ 1.12÷ 1.17) whih means that perolation transition is
already taking plae at
√
s = 20 AGeV, even allowing for non-uniform matter
distribution in the nuleus (ηc ≈ 1.5);22 this result is valid even with k = 1.
The observed anomalous J/ψ suppression23 may then be a signature of the
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perolation transition to the Quark-Gluon Plasma.
14,15
Indeed, in our simple approah,
15 J/ψ and Drell-Yan prodution are
treated as rare events: this implies that their ratio is given by the produt of
two funtions, one desribing absorption of J/ψ (whih we assume as usual to
be exponential in the amount of matter longitudinally traversed), the other
desribing J/ψ (cc¯) suppression due to Debye sreening. If we take the drasti
position that the latter is 100% eetive if there is perolation, and ineetive
otherwise, then sreening is desribed by the probability of non-perolation,
whih an be parametrised as
P
non-per
(η) =
[
1 + exp
(
η − ηc
ac
)]
−1
, (6)
with ac a parameter linked to the nite size of the nulear system. Thus we
see that the onset of the phase transition is haraterised by a hange in the
urvature of the J/ψ over D.Y. ratio from positive (during absorption) to
negative. This however is only a qualitative desription: a quantitative one
should probably take into aount more details of the proess (e.g., geometry
varying with impat parameter, resonanes, . . . ).
In onlusion, the DSM is a model with two omponents, the valene-
valene omponent and the sea-sea omponent, the sea-sea omponent inreas-
ing its importane with energy and number of partiipants. This is somewhat
similar to the HIJING Monte Carlo model, with soft and hard omponents.
On the other hand, with fusion the DSM behaves, for large NA, similarly
to the EKRT model, but with strit saturation of the partile density per
partiipant nuleon. However, in the original EKRT model the saturation
riterion in the transverse plane is stronger than in ase of fusion of strings.
Here, saturation in the interation area is asymptoti (when η →∞) while in
the EKRT model it ours at nite density. This auses the derease of the
partile density with NA in the EKRT original model.
Probably dierent explanations, suh as the ones based on string fusion,
parton saturation, parton shadowing, are in some sense dual and refer to
the same underlying physis.
9
What is beoming lear is that saturation of
partile density puts strong onstraints in models, and limits the rise of the
(pseudo-)rapidity plateau at RHIC and LHC.
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